S5 3L Gapb )l paguas SHlHSed
0w 5 )3 wawo 9403

"S55 904l shacz 9 39 e 44 e
Olnl oyl caag)l S SV oRils PgeelS 9 DMl 55k e o .

oS>

081048 goxn g (Zuio diold) (oibjgel o0loasgammo AT Cawl (whw! (pl p ddgl (P38 (il (g uSOL (Lo ;oSIl 51 (g ybomns O
&35 M| JuIody 23l cLid Jiluw cdél 5o 4 ol I 55 o1l 5,135 co STyl s 1y SLuasy @395 (Sad als) g0
Ao (gl 1y Joo cdiuol ks 5 U (g S0l JSion (32! b alilio gyt 39 so A5 (2 9 (2] (B 3 ake Aald ys Jlok|
&b 3 peai Gl plpe b alo Gl hg) S Lo Wlie (pf 53 B oo el (glie @jg SIy10 Bad glaesls b
ui}s) RO (0 QLW RV 9 &0 ‘SLbdé.n‘é EWIIR g (S0g0L OleMb| Lo )g.h.wd.: |) (IMAKE) o..\.&JJ; ww ‘5}.350‘.1
22 3 IMAKE .0l p aoweS s |, (P} 59 SN S o0 gxiws Bud g g grabuold (py I o GLAS ) SO (golpsiioy
wmeS $Ladp 5 S0 ) Bus g g glaaiald Goledliuy () O psn o Oloied Wygeds (0908 g (oA &2595 Gl 90
Biyb 3l 1) Bab g o ald sloesls glacils g byd @jei Jhoiol G| G S oo Jitiio & Uaicygay & yg0d S pideo
b ol 9y @ 055 (o0 0yt Mo G5lFen Sl (owiid @i5g Garddl Gy g oS dneS LSSl SIS Al
i (sl ool Cawddy ol el 48,5 1,8 b5yl 3yg0 imleT ¥ L oylailiwl g Eaice (g mas WodloelKsly ;I ooliswl

ol (JBGI 6 3u50b g craiblo (6 S 0L 0395 slB b9 (s b dwolio jo (golpsuiion o9 o Sdlos jl alasMo i ogugs

&g SWS| lido (5515 e (5 e Ald Godai ( LN (6 puS3b (19l Guiaaib 1 guals (B3l
Image alignment via kernelized feature learning

Elahe Shahrouz & Jafar Tahmoresnezhad”
Faculty of IT & Computer Engineering, Urmia University of Technology, Urmia, Iran

Abstract

Machine learning is an application of artificial intelligence that is able to automatically learn and
improve from experience without being explicitly programmed. The primary assumption for most of the
machine learning algorithms is that the training set (source domain) and the test set (target domain)
follow from the same probability distribution. However, in most of the real-world applications, this
assumption is violated since the probability distribution of the source and target domains are different.
This issue is known as domain shift. Therefore, transfer learning and domain adaptation generalize the
model to face target data with different distribution.

In this paper, we propose a domain adaptation method referred to as IMage Alignment via KErnelized
feature learning (IMAKE) in order to preserve the general and geometric information of the source and
target domains. IMAKE finds a common subspace across domains to reduce the distribution
discrepancy between the source and the target domains. IMAKE adapts both the geometric and the
general distributions, simultaneously. Moreover, IMAKE transfers the source and target domains into a
shared low dimensional subspace in an unsupervised manner.

Our proposed method minimizes the marginal and conditional probability distribution differences of the
source and target data via maximum mean discrepancy and manifold alignment for geometrical
distribution adaptation. IMAKE maps the input data into a common latent subspace via manifold
alignment as a geometric matching method. Therefore, the samples with the same class labels are
collected around their means, and samples with different class are separated, as well. Moreover,
IMAKE maintains the source and target domain manifolds to preserve the original data position and
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domain structure. Also, the use of kernels and mapping data into Hilbert space provides more accurate
separation between different classes and is suitable for data with complex and unbalanced structures.
The proposed method has been evaluated using a variety of benchmark visual databases with 36
experiments. The results indicate the significant improvements of the proposed method performance
against other machine learning and transfer learning approaches.

Keyword: Image classification, Transfer learning, Visual domain adaptation, Manifold alignment,
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Table-2): Classification accuracy (%) on Office and Caltech-256 datasets

CLGA CDDA LRSR TIM JDA GFK
IMAKE (2018) (2017) (2016) (2014) (2013) (2012) NN Dataset
51.98 48.02 48.33 51.25 46.76 44,78 41.02 23.7 C-A
47.12 42.37 4475 38.64 39.98 41.69 40.68 25.76 C-W
51.59 49.04 48.41 47.13 44,59 45,22 38.85 25.48 C-D
41.76 42.30 42.12 43.37 39.45 39.36 40.25 26 A-C
46.1 41.36 41.69 36.61 42.03 37.97 38.98 29.83 A-W
37.58 36.31 37.58 38.85 45.22 39.49 36.31 25.48 A-D
32.98 32.95 31.97 29.83 30.19 31.17 30.72 19.86 W-C
40.92 34.75 37.27 34.13 29.96 32.78 29.75 22.96 W-A
88.54 92.36 87.9 82.80 89.17 89.17 80.89 59.24 W-D
35.35 33.66 34.64 31.61 31.43 31.52 30.28 26.27 D-C
39.77 89.83 33.51 33.19 32.78 33.09 32.05 28.5 D-A
90.58 35.99 90.51 77.29 85.42 89.49 75.59 63.39 D-W
50.36 48.23 48.22 45,39 44.41 46.31 42,95 31.37 oSkee
L 001l o wivadd (1) oo (Y- Jgu)
(Table-3) Classification accuracy (%) on PIE datasets
CLGA CDDA LRSR T GFK
IMAKE (2018) (2017) (2016) (2014) (2013) (2012) NN Dataset
75.32 67.83 60.22 65.87 23.87 58.81 26.15 26.09 P1-P2
78.55 63.85 58.7 64.09 28.86 54.23 27.27 26.59 P1-P3
94.02 88.95 83.48 82.03 43.37 84.5 31.15 30.67 P1-P4
72.73 61.76 54.17 54.90 19.3 49.75 17.59 16.67 P1-P5
76.59 71.40 62.33 45.54 26.14 57.62 25.24 24.49 P2-P1
77.7 72.98 64.64 53.49 37.93 62.93 47.37 46.63 P2-P3
91.41 86.24 79.9 71.43 50.53 75.82 54.25 54.07 P2-P4
67.16 51.23 44 47.97 21.63 39.89 27.08 26.53 P2-P5
82.68 70.17 58.46 52.49 28.66 50.96 21.82 21.37 P3-P1
74.4 73.48 59.73 55.56 35.97 57.95 43.16 41.01 P3-P2
93.3 89.31 77.2 77.50 51.97 68.45 46.41 46.53 P3-P4
71.08 55.51 47.24 54.11 25.31 39.95 26.78 26.23 P3-P5
95.85 89.56 83.1 81.54 45,71 80.58 34.24 32.95 P4-P1
96.19 92.94 82.26 58.39 57.58 82.63 62.92 62.68 P4-P2
95.96 93.08 86.64 82.23 71.63 87.25 73.35 73.22 P4-P3
82.84 71.63 58.33 72.61 30.94 54.66 37.38 37.19 P4-P5
76.02 57.68 48.02 52.19 27.13 46.46 20.35 18.49 P5-P1
64.95 55.43 45,61 49.41 22.65 42.05 24.62 24.1 P5-P2
71.94 58.03 52.02 58.45 28.86 53.31 28.49 28.31 P5-P3
81.65 71.85 55.99 64.31 32.59 57.01 31.33 31.24 P5-P4
81.02 72.15 63.1 61.53 35.53 60.24 35.35 34.76 R Y
Slacl 0dl0el o wovaib (1) coxo (F-Jgo=)
(Table-4): Classification accuracy (%) on USPS+ MNIST datasets
CLGA CDDA LRSR TIM JDA GFK
IMAKE (2018) (2017) (2016) (2014) (2013) (2012) NN Dataset
88.78 58.35 62.05 54.51 52.25 59.65 46.45 44.7 U-M
88.78 71.28 76.22 73.82 63.28 67.28 67.22 65.94 M-U
88.78 64.81 69.13 64.16 57.76 63.47 56.84 55.32 UL Y
Ja5 0010olS L 50 wuaid (1) s :(B-Jgu)
(Table-5): classification accuracy (%) on COIL dataset
CLGA CDDA LRSR TIM JDA GFK
IMAKE (2018) (2017) (2016) (2014) (2013) (2012) NN Dataset
100 96.81 91.53 88.61 91.67 89.31 72.5 83.61 C1-C2
100 91.11 93.89 89.17 91.53 88.47 74.17 82.78 C2-C1
100 93.96 92.71 88.89 91.6 88.89 73.34 83.2 il
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(Figure-1): Classification accuracy (%) on Office and Caltech-256 datasets using different methods
NN, GFK, JDA, TJM, LRSR, CDDA, CLGA and IMAKE
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(Figure-2): Classification accuracy (%) on PIE datasets using different methods
NN, GFK, JDA, TJM, LRSR, CDDA, CLGA and IMAKE
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